Abstract-In the simulation of ecological formation process, as the complexity of the environment increases, only one model is usually not enough to correctly predict the change. In this program, we introduced another way---the multi-scale analysis to simulate the formation process by combining two models together. It focuses on the formation process of the hypoxic zone which leads to the death and even extinction of many plant and fish species in the Gulf of Mexico. This project combines differential equation model and cellular automaton and applied multi -scale method to simulate the formation of the hypoxic zone in the Gulf of Mexico.
I. INTRODUCTION
The goal of our program is to simulate the occurrence of the hypoxic zone by building a Cellular Automaton, combining with another model using differential equation and difference equation.
A cellular automaton is a discrete model studied in complexity theory, which consists of a regular grid of cells, each in one of a finite number of states, such as on and off (in our research it's a certain number representing the number of species). The grid can be in any finite number of dimensions. For each cell, a set of cells called its neighborhood is defined relative to the specified cell. A initial state (time t=0) is selected by assigning a state for each cell. A new generation is created (advancing t by 1), according to some fixed rule (generally mathematical functions) that determines the new state of each cells in terms of the current state of the cell and the states of the cells in the neighborhood. [1] Application of differential and difference equation is very extensive and it's also an essential part in the simulation. Although the research on them is focused on different areas, in this case we mainly focus on the solution to these equations.
The innovation of our research is that we create the method of multi-scale analysis in the simulation, which can be applied to many different cases with different complexity, and, at the same time, increase the efficiency of the simulation.
The model we research on is based on the Gulf of Mexico, which is located between the south-east coast of the USA and east of Mexico. Due to the increasing demand of fresh water, energy, and food supply, the Gulf of Mexico eco-system is deteriorating in a unprecedented speed. The lethal damage to the environment is the application of modern agriculture techniques, which leads to the outbreak of red tide and the death of fish living in the Gulf of Mexico. In order to resolve this serious ecological damage, we need to know specifically how and where the hypoxic zone occurs.
We use five different variables to simulate the process. The ultimate goal of this project is to determine the possible location and shape of future hypoxic zone. Therefore, we divide this project into three different parts: building a digital map, building a mathematic model, and building a program of Cellular Automaton to stimulate the formation of the hypoxic zone.
II. MATERIALS AND METHOD

A. Create a Mathematical Model
Different from traditional mathematical models, our research will focus on the change of the density of the fish. We define 5 variables in our mathematical model:
1. Fish, which is represented by "F", consumes phytoplankton (plant) and oxygen; We use the floating point map which is made in Arcgis and use different colors to represent the points in Delphi. The map is cut into units of 140*40, and use 1,2,3,4 to represent land, ocean, river and origin of river, respectively. In a Programming Software, we first use memo to guide into the map in txt format, and then compile a program to cut the character string in each line. Finally we represent each type of character by different colors, which will be revealed in figure B.
FIGURE II. MAP WITH DIFFERENT COLORS REPRESENTING DIFFERENT LANDSCAPES
Here is our simulation method:
1) The simulation of density change inside the cell (application of the mathematical model using differential and difference equation): We divide the whole gulf area into units of 140*40, and each of these small areas represents a cell. Inside the cell are five species interacting with each other. The way they interact is represented by the mathematical model mentioned before. In the program we first assign initial values to each species, then, according to their rate of change, construct a mathematical model.
2) The interaction between cells (application of cellular automata):
Due to the irregular motion of the molecules, the distributions of marine species have gone on an irreversible process from uniformity to non-uniformity, which is our basic principle in the simulation process. To stabilize the result of the simulation, we assume that there is enough time for marine species to go through this process. As the simulation begins, we assume that the amounts of variables in all the cells are equal. Firstly we choose a cell randomly, and then, randomly choose another cell around the cell (upward, downward, leftward and rightward) that we initially chose and distribute the amount of species in the two cells at a particular ratio, which we need to do experiments to figure out. We use graph C to show the interaction process.
FIGURE III. INTERACTION PROCESS BETWEEN CELLS
Repeating the process mentioned above, that is, randomly choose a cell and interact with the cell around it (the neighborhood), we can successfully simulate the change of marine species.
III. RESULT AND DISCUSSION
We set the initiative values of the five variables and equations including the particular parameters to show the density distribution of the fish. Figure D and E are the density distribution diagrams after running the program. In the two graphs, the darker color means the bigger number of fish that die of hypoxic in that area. From the graphs we can clearly see that as the density of the nutritive salt increase, the hypoxic area enlarges, thus causing the increasing death of fish.
Finally, we successfully simulate the process of formation of the hypoxic zone.
A. Advantages of the Multi-Scale Analysis Method
1. It enables us to combine different types of variables and different shapes of areas and reveal a favorable and clear experimental result.
2. It is easy to comprehend and make adjustments on either mathematical model or cellular automata.
3. One can increase the accuracy of the simulation result by adding the time (number of diffusions) in the model of cellular automata.
B. Error Analysis
The error of this model is mainly caused by:
The land form is divided into 140*40 cells, which is not accurate enough to establish models and simulate the changes.
Some parameters are not accurate enough; some other parameters are derived from empirical facts. When we simulate the changes and try to tweak the empirical parameters, it seems that almost all parameters can result in a ideal simulation graph. Therefore, the empirical parameters need further examination. 
C. Comparison between the Simulation Methods
IV. CONCLUSION
In this project, we have successfully researched the factors that cause the hypoxic areas in the Mexico Gulf using the multistage analysis.
Multi-scale analysis has both the flexibility of cellular automaton and the high simulation speed of the method of differential equation and difference equation. Therefore, it has the potential to be widely adopted.
Throughout research, we conclude that the excessive emission of nutritive salt is the major factor that causes the hypoxic areas in the Mexico Gulf.
